Collembola communities were sampled along a gradient of soil-use intensification in a typical Mediterranen landscape dominated by cork-oak. This gradient ranged from a land-use unit (LUU1) dominated by closed oak forest with minimum intervention to an unit entirely composed of a monoculture crop submitted to frequent anthropogenic disturbances (LUU6), passing through LUUs with managed woodland (LLU2) or dominated by open cork-oak areas and pastures (LUU3 and LUU5). The Collembola community in the overall area was dominated by a few abundant species, mainly Isotomidae, present in almost all units. Abundance, diversity and species richness decreased along the gradient, with the agricultural site presenting an impoverished community. Diversity descriptors were positively and significantly correlated with habitat diversity, measured on the basis of the proportion of the different soil-use types present at each land-use unit. Multivariate analysis revealed changes in Collembola community composition between the LUUs, with LUU6 detaching from the rest. LUU1 and LUU2, despite the less diverse community of the latter, formed a separate group from the remaining two units (LUU3 and LUU5). Species composition in all these units was mainly determined by soil-use types present at each LUU (open cork-oak land and pastures vs. closed cork-oak areas), the proportion of the different soil-use types and the different management practices adopted for each soil use. Overall analysis revealed that Collembola reacted to changes in the landscape structure, with community composition giving a more robust response than diversity indices.
Summary
Collembola communities were sampled along a gradient of soil-use intensification in a typical Mediterranen landscape dominated by cork-oak. This gradient ranged from a land-use unit (LUU1) dominated by closed oak forest with minimum intervention to an unit entirely composed of a monoculture crop submitted to frequent anthropogenic disturbances (LUU6), passing through LUUs with managed woodland (LLU2) or dominated by open cork-oak areas and pastures (LUU3 and LUU5). The Collembola community in the overall area was dominated by a few abundant species, mainly Isotomidae, present in almost all units. Abundance, diversity and species richness decreased along the gradient, with the agricultural site presenting an impoverished community. Diversity descriptors were positively and significantly correlated with habitat diversity, measured on the basis of the proportion of the different soil-use types present at each land-use unit. Multivariate analysis revealed changes in Collembola community composition between the LUUs, with LUU6 detaching from the rest. LUU1 and LUU2, despite the less diverse community of the latter, formed a separate group from the remaining two units (LUU3 and LUU5). Species composition in all these units was mainly determined by soil-use types present at each LUU (open cork-oak land and pastures vs. closed cork-oak areas), the proportion of the different soil-use types and the different management practices adopted for each soil use. Overall analysis revealed that Collembola reacted to changes in the landscape structure, with community composition giving a more robust response than diversity indices. & 2004 Elsevier GmbH. All rights reserved.
Introduction
In terrestrial environments, the status of biodiversity at local or regional level is influenced by driving forces such as agriculture, forestry and urbanisation. These forces cause changes in land-use (e.g., fragmentation, intensification, afforestation, reforestation), which directly affect diversity patterns of living organisms. To develop a set of effective tools, able to monitor these changes, is one of the priorities within the EU, as stated in the Convention of Biological Diversity. The study presented here is integrated in the EU funded project BIOASSESS, the goal of which is to develop a set of ''biodiversity assessment tools'' to monitor changes in biodiversity patterns due to policy-derived changes in soil use. Among others (plants, lichens, soil macrofauna, carabids, butterflies and birds), Collembola were chosen as a study group due to their acknowledged representativity in the soil system in terms of biodiversity and due to their ability to respond to a wide range of disturbance factors. Collembola respond to changes in soil chemistry (H ( agvar and Abrahamsen, 1984) , namely soil pH (Vilkamaa and Huhta, 1986; Van Straalen and Verhoef, 1997; Ponge, 2000; Loranger et al., 2001) , and changes in microclimatic and microhabitat conditions like moisture (Poinsot-Balaguer, 1975; Verhoef and Van Selm, 1983; Pflug and Wolters, 2001) , amount and quality of litter Cortet and Poinsot-Balaguer, 1998; Hasegawa, 2002) and humus type (Ponge and Prat, 1982; Chagnon et al., 2000) . Also, different vegetation communities host different species assemblages of Collembola (Pozo et al., 1986; Setälä et al., 1995; Gama et al., 1997; Benito and Sanchez, 2000) ; this is particularly true when comparing open and closed habitats (Bonnet et al., 1976 (Bonnet et al., , 1977 Ponge, 1980 Ponge, , 1993 .
Collembola communities also react to different forest and agricultural activities. Reforestation with exotic tree species is known to cause a decrease in diversity (Bonnet et al., 1977; Gama et al., 1994; Deharveng, 1996; Pinto et al., 1997; Sousa et al., 1997; Barrocas et al., 1998; Sousa et al., 2000) and logging may cause a disruption on the biocenotic equilibrium of Collembola communities over several years (Bengtsson et al., 1997) , depending on the regime adopted. Crop management practices can also lead to changes in species assemblages and diversity (Nakamura, 1988; Dekkers et al., 1994; Filser et al., 1995; Reddy et al., 1996; Loranger et al., 1999; Frampton, 2000; Alvarez et al., 2001; Gardi et al., 2002) . Moreover, landscape configuration (e.g., heterogeneity, fragmentation) and the type of use (e.g., pasture, farm forest) also regulates Collembola community composition (Filser et al., 1996; Lauga-Reyrel and Deconchat, 1999; Alvarez et al., 2000; Dombos, 2001) .
However, and despite the information available, studies evaluating the use of Collembola as bioindicators of changes in soil intensification at landscape level are lacking. The results presented here correspond to the data obtained for Collembola on the Portuguese sites of the BIOASSESS project. Collembola diversity patterns were evaluated along a gradient of land-use intensification in a typical Mediterranean landscape dominated by Quercus suber. The gradient ranged from areas with cork-oak forest with minimum disturbance, to agricultural plots with monoculture crops, passing through areas with managed parklands and pastures. The main goal was to detect changes in biodiversity patterns and community composition along this land-use gradient and to evaluate the use of Collembola as tools to depict changes at landscape level.
Materials and methods

Site description
The study was located in the consolidated alluvial plain of the Tagus river (left bank), 20 km east of Lisbon, Portugal (ca 42501N 51501E). The altitude ranges from 8 to 45 m. The climate of the area is typically Mediterranean: about 80% of relative humidity, no frost; annual rainfall averages 574 mm (concentrated in November-February) while mean temperature is 16.3 1C (5.9 and 28.8 1C as extreme mean temperatures in January and July, respectively) (data for Montijo air base, 5 km away).
The area was covered by a unique kind of woodland -the cork-oak ''montado'' -a human modified natural vegetation resulting from tree clearing of evergreen oak forests and ground ploughing during the last three centuries (Pulido et al., 2000) . ''Montados'' exhibit a diverse array of management combinations including extensive rearing of sheep, cows, pigs and goats, as well as periodic ploughing of the land for cereal and hay, shrub removal and pruning of the trees (Diaz et al., 1997) . Oak trees in ''montados'' are more or less sparsely distributed over an understory composed of patches of grasslands and shrubs. The dominance of each of these elements varies according to the management intensity of the area. ''Montado'' covers an important area of the Iberian Peninsula and supports a high biological diversity (Pulido et al., 2000) .
The study was conducted in five land-use units (coded LUU1 to 6) of 1 km 2 each, selected according to a possible gradient of soil-use intensity. Four sites are typical woodland and one has been an agricultural land for at least 50 years. Woodland sites differed in heterogeneity of strata, tree volume and understory vegetation, and also in grazing intensity, all conditioned by the different management practices adopted. Soil-use types at each LUU were defined based on the visual interpretation of aerial photographs of the sites and further validation in the field. Five dominant soil-use types were identified: closed cork-oak formation (with high tree density), open cork-oak formation (trees are more scattered distributed), shrub areas (dominated by a dense shrub cover and very low tree density), pasture or grassland areas (dominated by pastures or grass species, and also with low tree density) and crop areas.
LUU1 is located in a buffer zone for military purposes (Campo de Tiro de Alcochete). This situation resulted in a low level of management of the area, with just minor interventions, and consequently a high degree of habitat heterogeneity. The tree stratum is dominated by cork-oak (Q. suber), although maritime pine (Pinus pinaster) and umbrella pine (P. pinea) are present, being equally abundant in some sub-areas (resulting in mixed formations). Although several fire-breaks are periodically cleaned in the area, no other understory management occurred in the past 10-15 years, resulting in a dense shrub layer dominated by Cistus salvifolius, C. psilosephalus, Phillyrea angustifolia, Calluna vulgaris and Ulex australis. Natural regeneration of cork-oak and maritime pine is visible in some areas. Cork removal is traditionally done on a 9-year rotation, during the months of July-August. Grazing and hunting are residual. Locally, we can identify small temporary wetlands, priority habitats for biological conservation, potentially included in the Habitats directive. When present, the grass layer is dominated by Juncus pygmaeus, J. capitatus and Brachypodium phoenicoides.
The other LUUs, located 5 km north of LUU1 are privately owned by an agroforestry companyCompanhia das Lezírias -for multiple use, resulting in a more intensive managing system. In LUU2, cork-oak trees are more densely distributed in the southern part; pruning has been done in the past 2 years; understory is generally well developed, dominated by C. salvifolius, Lavandula luisieri and U. australis. Shrub removal occurs every 7-8 years, and the northern sub-area was cleaned more recently than the rest.
LUU3 is also a cork-oak ''montado'' with patches of natural grassland, located near the southern limit and in the drainage sites (torrential streams); C. ladanifer and C. salvifolius, having at least 8 years old, dominated the shrub layer. The grass layer is dominated by Agrostis castellana, Briza maxima, Trifolium sp. Chaetopogon fasciculatus, B. phoenicoides, Chamaemelum nobile and J. bufonius. Grazing by cows is just occasional.
LUU5 represents an area with patches of open ''montado'' with shrub understory dominated by C. ladanifer, C. salvifolius and U. australis and two different kinds of grasslands. One is an improved grassland since 1999, with a mixture of different clovers (Trifolium angustifolium, T. campestre, T. glomeratum, T. repens and T. strictum) and the other is a by-product of Triticale (Triticum Â Secale) sown in 1999; J. bufonius, A. castellana, B. maxima, C. fasciculatus and C. nobile are common. On both, extensive grazing occurs during winter (January-February) and partially at the end of summer.
LUU6 is a homogeneous and intensively irrigated field since 1988. Alfalfa (Medicago sativa), utilised as fodder, was sown for the first time in April 2001. Mowing occurs 4-5 times each year (April-August), in the expected 7 years of hay exploitation. Three mineral fertilisations (N, P, K -8, 24, 24) of 300 kg/ ha are made each year.
Collembola sampling and sample processing
On each of the five LUUs a grid composed of 16 squares (4 Â 4), each 200 m wide, was defined based on the analysis of the aerial photographs. On the centre of each square a sampling point was defined and marked in the field with the help of a GPS apparatus.
Sampling took place between April and May 2001. At each sampling point Collembola were sampled taking a sample core (5 cm diameter) including the organic horizon (when present) plus 5 cm of the mineral soil. From each core sample, the organic and mineral fractions were separated into two samples. They were placed in plastic bags and kept cool until transport to the laboratory (within 2 days). Simultaneously, the depth of the organic horizon on the point was measured.
Back in the laboratory, and before extraction of the animals, samples were weighed. Collembola were extracted by placing samples in a Macfadyen high-gradient extractor during 1 week. Afterwards, animals were preserved in 80% ethyl alcohol, sorted and identified. Samples were then processed (weighed and sieved) to determine moisture content (dried overnight at 105 1C), soil pH (in 1 M KCl 1:6 v:v), carbon (Anne's method) and nitrogen (Kjeldahl's).
Data analysis
Physical and chemical parameters, Collembola densities and number of species found at each LUU were compared by an ANOVA, followed by an SNK test. If assumptions of homogeneity of variances and normality (verified previously using Bartlett and Kolmogorov-Smirnov tests, respectively) were not met, data was transformed according to Zar (1996) . In those cases where, even after transformation, data did not meet these assumptions, the Kruskal-Wallis test was used instead (followed by a Dunn's test). Statistical calculations were made using the SigmaStat software (SPSS, 1995) .
For each LUU species diversity (ShannonWiener), evenness (Pielou), and species richness (Margalef) were calculated according to Magurran (1991) . Diversity measures were correlated with habitat diversity (see below) using the Pearson coefficient calculated with the SigmaStat software (SPSS, 1995) .
Habitat diversity at each LUU was calculated based on the proportion of different soil-use types present using the Shannon-Wiener index.
Multivariate techniques were used in several situations. To associate species to LUUs, a canonical correspondence analysis (CCA) was done using log transformed data and based on the ''sampling points vs. taxa'' and ''sampling points vs. LUU'' data matrices. A similar analysis was performed to constrain species to the different soil-use types, based on the matrices ''sampling points vs. taxa'' and ''sampling points vs. soil-use types''. On both CCAs taxa having a total abundance lower than five specimens and appearing only in one sample were discarded for analysis; also the statistical significance of the canonical axes was evaluated by a Monte Carlo permutation test. CCAs were performed in CANOCO 4.0 software (Ter Braak and Smilauer, 1998) .
Another type of multivariate technique was used to detect significant differences in community composition between LUUs. The SIMAN analysis was performed based on the Bray-Curtis similarity index (Faith et al., 1987) and considering LUU1 as the control plot. In this type of analysis the average similarity among control samples is compared with the different average similarities between ''treatment vs. control'' samples (here LUU1 vs. LUUx). Significant differences indicate differences in species assemblages between LUUs under comparison. Similarity matrix was obtained using NTSYS-pc software (Rohlf, 1997) based on log transformed data and using ''sampling points vs. taxa'' matrix as raw data. Afterwards, similarity values were compared by an ANOVA followed by a Dunnett test. Normality and homoscedasticity were checked as referred above (Zar, 1996) . Analysis was done using the SigmaStat software (SPSS, 1995) .
For all analysis, samples from both horizons of each sampling point were pooled.
Results
Physical and chemical characterisation and habitat diversity
Physical and chemical characterisation of the different sites revealed several significant differences in some of the parameters measured (Table  1) . These occurred more at the mineral horizon, where most of the differences were found between the woodland areas (LUU1-LUU5) and the agricultural site (LUU6). The exception was observed for the water content, with LUU2 presenting the lowest value. This low water content was also observed in the organic horizon, and could have been caused by the late sampling (this was the last site to be sampled and the soil was already too dry). However, the configuration of the vegetation in this site, with a general low litter cover, and also the absence of water bodies in the proximity, could have also contributed to more dry conditions.
Habitat diversity based on the proportion of the different soil-use types is expressed in Table 2 . The highest value was found for LUU5, followed closely by LUU1 and LUU3. However, LUU1 is dominated by closed forest areas, while in LUU5 open areas prevail; LUU3 makes the transition between the two. The lowest habitat diversity was observed in LUU6, the crop field, followed by LUU2. The low value obtained for this landscape unit is due to the strong distribution of sampling points among two habitat types.
Collembola: abundance, taxonomic profile and diversity A total of 2780 individuals, separated into 63 taxa, were identified over all landscape units. LUU1 presented the highest abundance and the highest number of species recorded, whereas LUU2 and LUU6 were those sites that presented the lowest abundance and number of species, respectively (Table 3 ). Significant differences were obtained for these two variables, however the definition of post hoc groups was difficult due to the great variation observed in all comparisons made.
The variation pattern observed in the number of taxa between the different LUUs is well reflected in the species richness (Margalef) values, with a pronounced decrease in both LUU2 and LUU6. Conversely, for species diversity (Shannon-Wiener), a decrease was only obtained for LUU6 (Table 3) ; the unexpected value of LUU2 is due to the high evenness.
In terms of the taxonomic profile, and with the exception of LUU2, Isotomidae dominated in terms of abundance, representing between 41.4% of the specimens in LUU3 to 96.6% in LUU6 (Fig. 1a) . Overall, this group accounted for 57.6% of individuals counted. The most abundant and most frequent species was Cryptopygus thermophilus (763 individuals in 45 sampling points), appearing in all LUUs (see the appendix). At a lower level of abundance (between 100 and 160 individuals), this species was followed by other Isotomidae (C. ponticus, C. scapelliferus, Proisotoma minuta, Folsomides parvulus, C. debilis), and also by members of other families (e.g., Pseudostachia populosa, Heteromurus major, Xenylla brevisimilis mediterranea, Mesaphorura spp. and Entomobrya multifasciata). These last four species were also frequent, having an ubiquitous distribution among all LUUs. The overall community was dominated by a relatively small number of generalist species; in fact these 11 taxa (almost 20% of the species) represented more than 77% of the total abundance. Moreover, almost 50% of the species were represented by five or less individuals. In terms of number of taxa, the taxonomic spectrum is more balanced, with Poduromorpha dominating in most LUUs and in the overall community, with values around 40%, closely followed by Isotomidae (Fig. 1b) . The exception was LUU5, where this last family group dominated with 44.8% of the species against 27.6% from the Poduromorpha.
ARTICLE IN PRESS
Collembola: changes in species composition among LUUs
The CCA, based on the species composition of the different LUUs, revealed a clear separation between the agricultural site (LUU6) and the others along canonical axis 1 (explaining 41.7% of the variability) (Fig. 2) . The relevant species associated with this unit are F. parvulus (Fpa), very frequent but exclusive to this site, C. thermophilus (Cth) and C. ponticus (Cpo), species appearing frequently in all sites.
The second canonical axis (explaining 27.0% of the variation) separates the other sites. On the negative side of this axis we can find those units (Pse) and C. scapelliferus (Csc). The species Lepidocyrtus lusitanicus (Llu) and Micranurida pygmaea (Mpy) are also associated to LUU1, but since they are present a considerable abundance on LUU2, they are also included in the group of species associated with this site. This group also comprises Xenylla fernandesi (Xfe), a species occurring only in this unit. More to the centre of the axis it is possible to find those species with a more ubiquitous distribution among the LUUs. This group embodies species like Mesaphorura sp. (M.s), Pseudachorutes parvulus (Ppa), X. brevisimilis mediterranea (Xbr), Protaphorura armata (Par), E. multifasciata (Emu) and H. major (Hma).
Species mainly associated to LUU3 and LUU5 appear on the positive side of axis 2. Species like Ceratophysella engadinensis (Cen), Sminthurinus aureus (Sau), P. populosa (Ppo), P. minuta (Pmi) and Sphaeridia pumilis (Spu) appear exclusively or clearly dominate in LUU3, whereas F. petiti (Fpe) and P. ripicola (Pri) dominate in LUU5. Common species to these two open landscape units are the taxa Entomobryidae juv. (Ent), Isotomurus fucicola (Ifu) and L. cyaneus (Lcy).
The differences in species composition between LUUs is confirmed by the SIMAN analysis (F ¼ 20:26; Po0:001). Dunnet test revealed significant differences between LUU1 (considered here as the reference site) and all the other sites (Fig. 3) . Differences were higher in LUU6 (lowest average inter-site similarity values), revealing more discrepancies in species composition in relation to the reference site.
Collembola: changes in species composition among soil-use types
To better understand the differences in community composition among land-use units, another CCA was performed, based on the species assemblages existing at each dominant soil-use type (Fig. 4) . The question was to check if differences in species composition between different soil-use types could account for the differences in species assemblages observed between LUUs.
ARTICLE IN PRESS
As expected, canonical axis 1 (63.4% of variability) separates the agricultural field from the other types of soil use. This corresponds to the entire LUU6, and the species associated to this soiluse type are the ones mentioned before for this site (see previous section and Fig. 2 ). Axis 2 (22.1% of variability) separates taxa along a gradient ranging from closed woodland areas, on the negative side, to pastures/grassland and open woodland areas in the extreme positive side (Fig. 4) .
Associated to closed cork-oak areas are species only existing or dominating in this type of soil use: C. debilis (Cde), P. populosa (Ppo) and X. fernandesi (Xfe), M. minimus (Mmi), M. pygmaea (Mpy) and C. engadinensis (Cen). The group including these taxa is heterogeneous, having representatives of dominant species from almost all LUUs.
A similar situation happens with those species having a more central position along axis 2; these are species existing mainly on both closed and open woodland areas (P. minuta -Pmi, L. lusitanicusLlu, P. armata -Par, E. multifasciata -Emu and H. major -Hma), or abundant in all soil-use types (C. thermophilus -Cth, C. ponticus -Cpo, C. scapelliferus -Csc, Mesaphorura sp. -M.s and X. brevisimilis mediterranea -Xbr). Some of these species have an ubiquitous distribution among all LUUs, others are dominant in a particular LUU.
Those species mainly associated with open areas (pasture or grassland and open oak woodland) are placed on the far positive side along axis 2 (Fig. 4) : e.g., F. petiti (Fpe), S. pumilis (Spu), I. fucicola (Ifu), L. cyaneus (Lcy) and S. aureus (Sau). These are species mainly dominating or most abundant in LUU3 and LUU5 as mentioned earlier. The homogeneity of this group was expected since these two LUUs are dominated by these two soil-use types (see Table 2 ).
Collembola: species richness and habitat diversity
To analyse the relation between Collembola diversity descriptors and the habitat diversity (see Table 2 ) at each LUU, the Pearson moment correlation was calculated between these two sets of variables. Positive and significant correlations were found between habitat diversity and the total number of taxa identified (r ¼ 0:93; Po0:05), Shannon-Wiener (r ¼ 0:89; Po0:05) and the Margalef index values (r ¼ 0:97; Po0:01). Also positive, but non-significant, was the correlation with the average number of taxa (r ¼ 0:84; n.s.).
To identify changes in species richness and abundance among soil-use types inside each LUU, the average number of taxa and the average abundance were calculated (Table 4) . Average species richness and abundance are always higher in closed woodland than in other soil-use types in almost all LUUs (the exception happened in LUU5 where shrub areas presented an higher mean abundance than other soil-use types). This difference is more evident in LUU1, where open habitats have, on average, half of the species when compared to woodland areas (Table 4) . These do not represent new species, but only those that are able to be present in open habitats, although in lower number. This difference, however, becomes smaller as one moves to land-use units with higher representation of open habitats. This indicates that more and different species were able to colonise these open habitats, which corroborates the findings reported above when analysing species composition on the different soil-use types inside each LUU.
Discussion Changes in Collembola community composition
The Collembola community in the study area was strongly dominated by Isotomidae (with more than 50% of the specimens identified and 35% of species collected), and Poduromorpha (with 40% of species richness). A similar pattern is reported by LaugaReyrel and Deconchat (1999) for oak coppice forests in southern France. Dominant Isotomid species presented a high reproductive rate, confirmed by the large number of juveniles found. This feature allowed some of them (e.g., C. thermophilus, C. scapelliferus, C. ponticus, P. minuta and F. parvulus) to colonise open/exposed areas with more unstable microhabitat conditions. Also frequent, and colonising open habitats, were several Entomobryidae and Sminthuridae species (E. multifasciata, H. major and S. pumilis), and even some Poduromorpha (Mesaphorura sp. and X. brevisimilis mediterranea). Some of these taxa were reported to be able to live in more unstable conditions Sousa et al., 1997) and X. brevisimilis mediterranea is characteristic of Mediterranean sclerophyllous oak coppices (Cortet and Poinsot-Balaguer, 1998) . Species composition from LUU6 clearly detached from the other units. The impoverished community, in comparison to the other LUUs, was expected mainly due to the fact that this is an agricultural land-use unit. Number of species, diversity and species richness were in the same order of magnitude as those reported for other crop systems by Alvarez et al. (2001) . Abundance, however, was below the values reported by the some authors (Petersen, 2000; Frampton and Van den Brink, 2002) who did not find any significant decrease in Collembola populations in agricultural fields when compared to forest sites. Possible causes could be related to the type of soil and soil quality (low carbon and nitrogen contents, high pH), diel activity patterns and time of sampling , but especially to intensive management, particularly the frequent disturbance due to machinery use (alfalfa is mown several times during the year). This last factor is known to cause strong reductions in Collembola abundance (Heisler and Kaisser, 1995) , and in this case only two species (F. parvulus and C. scapelliferus) were able to adapt to this cycle of disturbance.
ARTICLE IN PRESS
Regarding other units, LUU1 was where most species and most individuals were identified. The highest diversity and species richness values were also found here. This was derived mainly from the species composition of the forested patches, especially those covered with closed cork-oak formations. The well structured understory vegetation, together with the good quality of the soil, particularly the thickness of organic horizon (see Table 1 ), contributed to the existence of favourable ecological conditions for Collembola (Cortet and Poinsot-Balaguer, 1998; Hasegawa, 2002) . Species assemblages in LUU2, an unit dominated mainly by closed cork-oak areas devoted to cork production, present some resemblance with the one from LUU1.
Although much poorer, species composition in this unit is composed mostly by common species found on LUU1; the most representative species is X. fernandesi, which seems to replace the abundant X. brevisimilis mediterranea in this site. The somehow unexpected low Collembola diversity and abundance in this land-use unit, when compared to LUU1, can be partially attributed to the low water content of the soil (see Table 1 ); this unit was sampled latter in the season, when air temperature and soil dryness were already high.
LUU5 and LUU3 were in the other extreme of the spectrum. Dominant Collembola species in these units were those mentioned above, with an ubiquitous distribution and also found in closed areas of other LUUs. However, several other species, capable of adapting to unstable conditions, were identified in these open areas, making their composition different from those of LUU1 and LUU2 and reducing the difference between the number of species in open and closed areas (see Table 4 ). Soil use in these units is dominated by pastures for wintering cattle. Grazing pressure is higher in LUU5 (more pasture area), and it is extended to open cork-oak patches. The shrub cover of these areas is reduced and they are also submitted to periodical reseeding with pasture vegetation.
The analysis and interpretation of the collected data reflects the dichotomy between closed and open areas, frequently reported by other authors (Bonnet et al., 1976 (Bonnet et al., , 1977 Ponge, 1980 Ponge, , 1993 . However, differences in species composition among the several land-use units are not explained only by this division; as we documented, the proportion of each soil-use type within each land-use unit, plus the different management practices adopted also have a share in conditioning community composition.
Besides the strong anthropogenic pressure existing in the agricultural plot, all other plots were submitted to several types of disturbances. One, common to the forest plots, is the cork removal (every 9 years). Another, visible in LUU2, is pruning and a third one, common to the open areas of LUU3 and LUU5, is the preparation of the soil for growing species (which implies cutting the shrub layer, fertilising and planting every 7 years). This last one has a lower spatial extent, but a higher intensity. Moreover, these pasture and open woodland areas are also submitted to periodic grazing. Bengtsson (2002) defines the first two types of disturbances as pulse disturbances and the last as a press disturbance. Resilience of soil communities will depend mainly on the intensity of the perturbation and, particularly in the case of pulse disturbances, on the evolution of the new habitat configuration in providing favourable conditions for the establishment of species. The structure of the community is also depending on the time passed since the disturbance. Usually the re-establishment of species in intervened areas is a dynamic process taking a long time, depending on their dispersal ability (Bengtsson et al., 1994a, b; Ojala and Huhta, 2001; Wanner and Dunger, 2002) , the existence of donor areas in the vicinity, and the non-existence of disturbance in the meantime. In the case of cyclic disturbances (e.g., grazing) some species are able to adapt their dynamics to cope with this disturbance. However, when pulse and press disturbances coexist, community composition can be affected which usually results in a reduction of species number and/or abundance. In this case, and despite the slight difference in the average number of taxa between pasture and forest areas in LUU3 and LUU5, the abundance is still lower in open areas; moreover the species contributing to the decrease of that difference have a low abundance in comparison to more common species.
Collembola as bioindicators of land-use change
Returning to the main question addressed in the introduction, data collected revealed that Collembola reacted to changes in landscape structure. Shifts in species composition observed along the landscape units were mainly connected to differences in soil use, to changes in the proportion that different soil-use types occupy in each unit, and also to the management practices adopted on each site. Without diminishing the importance of natural perturbations in this type of ecosystem (e.g., natural fires, drought), man-induced disturbances could be considered the key factor influencing community structure of soil species. From the above-mentioned ''triad'' of environmental aspects, management practices adopted will dictate the extension, the intensity and the frequency of disturbances, and implicitly, they will have a major contribution in shaping the landscape and in configuring the different habitat types.
When using bioindicators like Collembola to monitor these changes, the ''community'' approach together with multivariate methods gives robust results, allowing the detection of small changes in community composition , 1998 . However, predictions and/or generalisations to other systems should be done carefully since soil animal communities are ruled by a plethora of ecological factors not directly related to anthropogenic pressures. This last point stresses the importance of the type of data to collect when using bioindicators to assess changes at landscape level. Besides data on landscape structure (gathered, for instance, by remote sensing techniques) and information on management practices and soiluse intensity, the interpretation of results improves when incorporating data on habitat configuration (e.g., vegetation cover and vegetation structure data). 
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